A Gram-stain-negative, strictly aerobic, non-motile, rod-shaped, manganese-oxidizing bacterial strain, designated DY2-5 T , was isolated from surface sediment of Pacific Clarion-Clipperton
phosphatidylcholine and two unknown aminolipids. The major respiratory quinone was ubiquinone-10 (Q-10). The DNA G+C content of strain T was 64.8 mol%. On the basis of the phenotypic, genotypic and physiological evidence, strain DY2-5 T represents a novel species of the genus Celeribacter, for which the name Celeribacter manganoxidans sp. nov. is proposed. The type strain is DY2-5 T (5JCM 19384
The genus Celeribacter, a member of the family Rhodobacteraceae, was first proposed by Ivanova et al. (2010) . Following reclassification of Huaishuia halophilus as a member of the genus Celeribacter by Lai et al. (2014) , this genus comprised five species at the time of writing: Celeribacter neptunius (Ivanova et al., 2010) , Celeribacter baekdonensis , Celeribacter halophilus (Wang et al., 2012) , Celeribacter marinus (Baek et al., 2014) and Celeribacter indicus (Lai et al., 2014) . While the first four species were isolated from coastal surface seawater, C. indicus was isolated from deep-sea sediment. Members of the genus Celeribacter are characterized as being Gram-stain-negative, non-sporeforming, chemo-organotrophic with rod-shaped cells that contain ubiquinone-10 (Q-10) as the major respiratory quinone and summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c) as the most abundant fatty acids. In this study, a manganese-oxidizing bacterial strain, designated DY2-5 T , was isolated from sediment of a polymetallic nodule province and was proposed to be a novel species of the genus Celeribacter based on phenotypic and genotypic characterization.
Strain DY2-5 T , isolated from surface sediment of a polymetallic nodule province of Clarion-Clippert Fracture Zone (CCFZ) in the eastern equatorial Pacific Ocean, was picked as a single colony on marine agar 2216 (MA; Becton Dickinson) after incubation for 3 days at 28 8C. C. neptunius H 14 T obtained from the Marine Culture Collection of China (MCCC) and C. halophilus ZXM137 T obtained from our own laboratory were used as reference strains, and were cultured as for strain T [MA/marine broth 2216 (MB; BD), 28 8C], unless otherwise specified.
For 16S rRNA gene sequencing, genomic DNA was extracted and purified using standard methods (Ausubel et al., 1995) . The 16S rRNA gene was amplified by PCR using two universal primers (B8F, 59-AGAGTTT-GATCCTGGCTCAG-39; B1510, 59-GGTTACCTTGTTAC-GACTT-39; Weisburg et al., 1991) . The PCR product was purified using the TIANgel Midi Purification kit (TIA-NGEN Biotech), cloned into pUCm-T vector (TaKaRa) and sequenced using an automated DNA sequencer (model ABI3730; Applied BioSystems) at BGI, Beijing, China. The nearly complete 16S rRNA gene sequence (1419 nt) of strain T was submitted to the GenBank database, and the identification of phylogenetic neighbours and the calculation of pairwise 16S rRNA gene sequence similarities were achieved using the EzTaxon-e server (http://eztaxone.ezbiocloud.net/; Kim et al., 2012) . Sequences were aligned using CLUSTAL X 1.8 (Thompson et al., 1997) . Phylogenetic trees were reconstructed using the neighbour-joining and maximum-likelihood methods with Kimura two-state parameter model analyses (Kimura, 1980) in the program MEGA version 6.0 (Tamura et al., 2013 
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Actibacterium atlanticum 22II-S11-z10 T (KJ159064) and 94.95-95.66 % to genus Thioclava), strain DY2-5 T formed a coherent clade with species of the genus Celeribacter in the neighbour-joining phylogenetic tree based on 16S rRNA gene sequences (Fig. 1) . The corresponding maximum-likelihood tree showed a similar topology (Fig.  S1 , available in the online Supplementary Material), which supports the proposal that strain DY2-5 T belonged to the genus Celeribacter. However, the relatively low level of sequence similarity to C. halophilus ZXM137 T implied that strain DY2-5 T may represent a novel species of the genus Celeribacter.
Gram staining and flagellum staining were investigated using standard methods (Beveridge et al., 2007) . Cell morphology was determined by transmission electron microscopy (JEM-1200EX; JEOL) after cells had been negatively stained with 1 % (w/v) phosphotungstic acid. Growth under anaerobic conditions was determined on MA after incubation in an anaerobic jar, which was filled with nitrogen and with a packet of AneroPack-Anaero (Mitsubishi Gas Chemical) at 28 8C for 1 month. The temperature range for growth was determined on MA plates by incubating cultures at 10-42 8C (10, 16, 20, 24, 28, 32, 37, 40 and 42 8C) for 1 week, and at 0 and 4 8C for 4 weeks. Salinity and pH ranges supporting growth were investigated in 96-well microplates by measuring the optical densities at 590 nm. In the salinity experiment, distilled water was used to prepare synthetic marine ZoBell broth (5 g peptone, 1 g yeast extract and 0.1 g FePO 4 in 1 l water), and NaCl concentrations were adjusted to 0-15 % (w/v, at intervals of 1 %). Growth was assessed in MB adjusted to pH 2.0-10.0 at intervals of 1 pH unit (pH 6.5-8.0 at intervals of 0.5 pH unit) by using appropriate biological buffer systems: H 3 PO 4 /KH 2 PO 4 (for pH 2.0), NaAc/HAc (pH 3.0-6.0), KH 2 PO 4 /NaOH (pH 6.5-8.0) and Na 2 CO 3 / NaHCO 3 (pH 9.0-10.0). The presence of gliding motility and the production of flexirubin-type pigments were _inves-tigated using the methods described by Bernardet et al. (2002) . 11 % NaCl Standard protocols (Tindall et al., 2007) were used to assess catalase and oxidase activities, degradation of casein, starch, gelatin, agar corrosion, cellulose and Tweens 20, 40 and 80. DNase activity was examined by using DNase agar (Qingdao Hope Bio-technology) according to the manufacturer's instructions. Activities of constitutive enzymes, the fermentation/oxidation profile, acid production and substrate utilization as sole carbon and energy source were performed using API 20E, API 20NE, API 50CH and API ZYM strips (bioMérieux) and the GN2 MicroPlate kit (Biolog) according to the manufacturers' instructions except that sterile seawater was used to prepare the inoculum. The detailed morphological, physiological and biochemical characteristics of strain DY2-5 T are given in the species description, Table 1 and Fig. 2 .
The extracellular accumulation of manganic oxide during growth of strains DY2-5 T , C. neptunius H 14 T and C. halophilus ZXM137 T were examined on K agar plates (Boogerd & de Vrind, 1987) supplemented with 100 mM Mn 2+ (as MnCl 2 ). The plates were incubated at 28 8C and the presence of brownish manganic oxide deposits in the colonies could be confirmed by the addition of leucoberbelin blue (LBB) reagent (Ghiorse & Hirsch, 1979) . After 20 days, small manganic oxide deposits could be observed in the colonies of strain T under the microscope, and these deposits turned blue with the addition of LBB reagent. However, the results of C. neptunius H 14 T and C. halophilus ZXM137 T were negative.
For fatty acid analysis, cell masses of strain DY2-5 T , C. neptunius H 14 T and C. halophilus ZXM137 T were obtained after cultivation on MA at 28 8C for 2-3 days when each of the communities reached the late exponential stage of growth. Extraction of fatty acid methyl esters and separation by GC were performed by using the Instant FAME method of the Microbial Identification System (MIDI) version 6.1 and the RTSBA6 6.10 database (Sasser 1990) . Polar lipids were analysed by using standard procedures (Minnikin et al., 1984) . Extracted lipids were separated by two-dimensional TLC and identified by spraying with appropriate detection reagents. Spraying with 5 % ethanolic molybdophosphoric acid followed by charring at 150 8C revealed the presence of all lipids. Ninhydrin spray was applied to determine most of the lipids with free amino groups, while spraying the plate with the lipid phosphate reagent of Dittmer and Lester after the ninhydrin spray revealed the presence of phospholipids. Spraying with a-naphthol/sulphuric acid determined the presence of glycolipids. The periodate-Schiff reagent spray was applied to reveal lipids with a terminal CH 2 OH group, such as glycerol (Minnikin et al., 1984) . The respiratory quinone of strain DY2-5 T was extracted with chloroform/methanol (2 : 1, v/v), separated by TLC and identified by HPLC as described by Collins (1994) . The DNA G+C content of strain DY2-5 was determined according to the methods described by Mesbah & Whitman (1989) using reversed-phase HPLC.
The dominant fatty acids of strain DY2-5 T were summed feature 8 (C 18 : 1 v6c and/or C 18 : 1 v7c; 72.63 %) and C 16 : 0 (10.68 %). Summed feature 8 was observed as the dominative fatty acids in all members of the genus Celeribacter, while the dominative fatty acids for three closely related strains within the genera Maritimibacter, Roseovarius and Thioclava, respectively, were diverse (Lee et al., 2007; Oh et al., 2009; Zhang et al., 2013) . The fatty acid cyclo-C 19 : 0 v8c was only detected in strains DY2-5 T and C. indicus P73 T , and C 19 : 0 10-methyl was absent in strain DY2-5 T ( Table 2 ). The major components of the polar lipid profile were phosphatidylglycerol, phosphatidylcholine and two unknown aminolipids, while two unknown glycolipids and one unknown lipid were detected as minor components (Fig. S2, Table 1 ). Glycolipids were only detected in strain DY2-5 T and C. indicus P73 T , and diphosphatidylglycerol was only detected in C. neptunius H 14 T and C. marinus IMCC12053 T in the genus Celeribacter. The respiratory quinone detected in strain DY2-5
T was Q-10, the major quinone generally observed in members of the order Rhodobacterales. The DNA G+C content of strain DY2-5 T was 64.8 mol%, which was very similar to that of C. indicus P73 T (66 mol%) and in the range 59.1-66 mol% described for the genus Celeribacter (Table 1) .
Strain DY2-5
T and strains of other members of the genus Celeribacter are all heterotrophic, aerobic and oxidaseand catalase-positive, have the enzyme activity of esterase (C4), esterase lipase (C8) and leucine arylamidase, and contain phosphatidylglycerol and aminolipid, but not phosphatidylethanolamine (only C. neptunius H14 T contains phosphatidylethanolamine in minor quantities). However, strain DY2-5 T could be clearly differentiated from the reference strains based on a number of phenotype characteristics including polar lipids, fatty acids and enzyme activities. Strain DY2-5 T could not degrade b-glucosidase, citrate or sucrose, but could use casein and Tween 40. More characteristics are given in the species description and Table 1 , which could obviously distinguish strain DY2-5
T from recognized species of genus Celeribacter. On the basis of phenotypic characteristics and phylogenetic inferences, strain DY2-5 T should be classified as representing a novel species of the genus Celeribacter, for which the name Celeribacter manganoxidans sp. nov. is proposed.
Description of Celeribacter manganoxidans sp. nov.
Celeribacter manganoxidans (man.gan.o9xi.dans. N.L. neut. n. manganum manganese; N.L. part. adj. oxidans oxidizing; N.L. part. adj. manganoxidans manganese-oxidizing).
Cells are Gram-stain-negative, strictly aerobic, nonflagellated, non-gliding and long rod-shaped (0.5-0.8 mm in width and 1.2-2.1 mm in length in the exponential phase of growth). Colonies on MA are cream, translucent and tiny after incubation for 2 days at 28 uC. Growth occurs at 0-37 uC (optimum 28 uC) on MA, at pH 6.5-9.0 (optimum pH 7.0-7.5) and in the presence of 1-11 % (w/v) NaCl (optimum 3-4 %). Capable of manganese oxidation. The DNA G+C content of the type strain is 64.8 mol%.
